We tested the hypothesis that using a combination of methods would result in a greater reduction in the incidence of hypotension due to spinal anaesthesia in caesarean sections compared with using each method on its own. A total of 120 patients were randomly allocated to the following four treatment groups: 10 mg bupivacaine 0.5% intrathecally plus 500 ml Ringer lactate solution (group B); 4 mg bupivacaine 0.5% plus 25 µg fentanyl plus 500 ml Ringer lactate solution (group F); 4 mg bupivacaine 0.5% plus 25 µg fentanyl intrathecally plus 500 ml Gelofusine ® intravenously (group G); and 4 mg bupivacaine 0.5% plus 25 µg fentanyl intrathecally plus 500 ml Gelofusine ® intravenously plus tight wrapping of the lower extremities with an Esmarch bandage (group E). The Esmarch bandage was only loosely applied in groups B, F and G. Hypotension was detected in 100% of the patients in group B compared with 70.0%, 46.7% and 23.3% of those in groups F, G and E, respectively. Hypotension was thus reduced by using a combination of several methods.
Introduction
Spinal anaesthesia is commonly used in emergency and elective caesarean section because it provides rapid and adequate anaesthesia. Hypotension, however, is one of the most frequent complications of this technique, with an incidence up to 94%. 1 The rapid development of hypotension, due to rapid block of sympathetic nerves and aortocaval compression, may lead to disruption of placental blood flow and negative effects on the fetus as well as maternal dizziness, nausea and vomiting. 2 It is accepted that the hypotension develops as a result of decreased systemic vascular resistance, blood pooling in the peripheral veins and decreased cardiac output. 3 -5 Various methods are currently in use to prevent the development of hypotension due to spinal anaesthesia in caesarean sections,
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including crystalloid and colloid fluid preloading, ephedrine prophylaxis, placing the subject in the left lateral position, reducing local anaesthetic doses by combination with opioids and wrapping of the lower extremities. 3 -8 Although these various methods can be individually compared in the literature, no study has assessed the combined effects of using colloid preload, low-dose bupivacaine and wrapping of the lower extremities on the development of hypotension.
The objective of our study was to test the hypothesis that using these methods together might give a greater reduction in the incidence of hypotension following spinal anaesthesia in subjects having caesarean section by producing an additive effect, such as may be expected when the principle of balanced anaesthesia is followed.
Patients and methods

STUDY APPROVAL AND EXCLUSION CRITERIA
This study was started after institutional board approval and signed written informed consent was obtained from all participating patients. Patients with diabetes, infection at the injection site, pregnancy-induced hypertension, hypersensitivity to amide local anaesthetics or fentanyl, mental disturbance, coagulation disorder, or neurological diseases were excluded from the study.
RANDOMIZATION AND TREATMENTS
All patients were premedicated with oral sodium citrate (30 ml) and intravenous metoclopramide (10 mg) before arrival at the operating room. The electrocardiogram, non-invasive blood pressure and peripheral oxygen saturation were monitored, and mean baseline systolic arterial pressure and heart rate were calculated from three measurements taken at 1 min intervals. An intravenous catheter was inserted into a peripheral arm vein.
Using a computer-generated random sequence patients were randomly allocated to four groups and given the following treatments as set out in Table 1 
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fentanyl intrathecally plus 500 ml Gelofusine ® intravenously plus tight wrapping of the lower extremities (from the feet to the mid-thigh) with an Esmarch bandage (group E). The Ringer's lactate solution and Gelofusine ® were administered prior to the spinal block over a period of 15 min. Gelofusine ® is succinylated gelatin that behaves in a similar way to natural plasma albumin and was used as a colloidal volume replacement fluid. The volume of spinal anaesthetic solution administered was 2 ml and, in order to make it up to this volume in groups F, G and E, normal saline was added. The lower extremities of all patients were wrapped with the Esmarch bandage but it was left loose apart from in group E. The anaesthetic agents were prepared by one investigator and administered by a second investigator, who remained blinded to the drug's identity. The patients were also blinded to the study drugs they received.
For administering the anaesthesia, a combined spinal-epidural set (Espocan ® ; B. Braun, Melsungen, Germany) was used. Using an 18-gauge Tuohy needle and the loss of resistance to air technique, the epidural space was identified at the L2 -L3 or L3 -L4 interspace. A 27-gauge spinal needle was then passed through the epidural needle and the 2 ml of study solution was intrathecally injected in a double-blinded manner over a period of 10 s. The needle aperture was directed cranially during the injection. After injection, the spinal needle was removed and an epidural catheter was inserted 2.5 -3 cm into the epidural space and secured with tape, but no medication was injected via this catheter. After the catheter had been fixed, the patients were laid supine on the operating table, which had a 15°left lateral slope. The table was returned to an almost horizontal position just before the skin incision was made.
PATIENT MONITORING
Blood pressure and heart rate were monitored every minute until the infant had been delivered and then every 5 min until completion of surgery. Hypotension (systolic arterial pressure < 90 mmHg or 30% decrease from the baseline) and bradycardia (heart rate < 45 beats/min) were treated with an intravenous bolus of 5 mg ephedrine. Maternal hypotension, number of ephedrine treatments and the total dose of ephedrine used for each patient were recorded.
Sensory block was tested by pinprick until the block reached T6, when the surgical incision was allowed. If a bilateral T6 sensory level was not attained within 15 min after administration of the intrathecal drug, epidural supplementation was given; this situation was considered to indicate failure of anaesthesia and the patient was excluded from further participation in the study. The degree of motor block was assessed with a modified Bromage scale (0, no paralysis; 1, unable to raise the extended leg; 2, unable to flex the knee; 3, unable to flex the ankle). When motor blockade reached a maximum and remained unchanged for 20 min, the maximum point on the Bromage scale was recorded. The maximum sedation level was recorded using the Ramsay sedation scale (1, anxious, agitated, restless; 2, eyes open, cooperative, oriented, tranquil; 3, patient drowsy but responsive to commands; 4, patient asleep but with a brisk response to a light glabellar tap or loud auditory stimulus; 5, patient asleep with a sluggish response to a light glabellar tap or loud auditory stimulus; 6, patient asleep with no response). The sedation score and the levels of sensory and motor block were measured at 2 min intervals during the first 10 min and then at 5 min intervals.
The surgical technique was uniform in all patients and included exteriorization of the
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uterus. Pain was evaluated with a 10 cm linear visual analogue scale (VAS), with 0 corresponding to no pain and 10 to the worst pain imaginable. The use of the VAS was explained to each patient before surgery. Pain was evaluated by frequently asking the patients about their pain during the operation. When VAS was > 3 and the patient complained of pain, 50 µg fentanyl was given intravenously. If pain continued, 7 ml of 1% lidocaine was administered epidurally; patients with continuing pain were not excluded from the study.
Intraoperative nausea, vomiting, pruritus, shivering and respiratory depression (respiratory rate < 8 breaths/min or oxygen saturation [SpO 2 ] < 92%) were recorded when side-effects occurred. Apgar scores of the infant were recorded 1 and 5 min after delivery. On arrival in the post-anaesthesia care unit the sensory level was assessed by pinprick; the times from the spinal injection until regression by two segments were recorded.
STATISTICAL ANALYSIS
Power analysis revealed that 28 cases were required for each group for an α level of 0.05 and a β level of 0.1 to show a decrease in the incidence of hypotension from 94% to 60%, as was shown in the study by Ben-David et al. 1 Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS ® ) for Windows ® , version 9.0, standard version (SPSS Inc., Chicago, IL, USA). Analysis of variance was used to analyse demographic data, haemodynamic variables, the interval from spinal injection to delivery, the duration of surgery and the two-segment regression time. The Kruskal-Wallis test was used to analyse the Bromage, sedation and Apgar scores. The χ 2 test was used to compare the frequency of side effects. Data were expressed as mean ± SD, median (range) or number (proportion) as appropriate and P-values < 0.05 were interpreted as indicating a statistically significant difference.
Results
Data on 120 patients divided into four groups of 30 were analysed. There was no statistically significant difference between groups in demographic characteristics ( Table 2) .
The time required for sensory block to reach T6 was shortest in group B, but there was no statistically significant difference between the groups. The interval between spinal block and skin incision also showed no significant difference between groups. The mean time to reach maximum sensory block level was significantly shorter in group B than in groups G and E (P < 0.05). The maximum Bromage score was significantly higher and the two-segment regression time was significantly longer in group B than in all the other groups (P < 0.05). Apgar scores did not differ significantly between the groups ( Table 2 ).
The number of ephedrine doses and the total ephedrine dose were significantly greater in groups B and F than in groups G and E (P < 0.05). Patients in group E required the least ephedrine, although this did not reach statistical significance with group G ( Table 2 ). Umbilical artery and vein blood analysis showed the pH in group E to be significantly higher than in groups B and F (P < 0.05), however, there was no significant between group difference for the partial pressures of oxygen and carbon dioxide in blood from either the umbilical artery or vein (Table 3) .
Hypotension was detected in all subjects in group B and in 70.0%, 46.7% and 23.3% of subjects in groups F, G and E, respectively ( Table 4 ). The percentage of subjects developing hypotension was significantly lower in group E than in groups B and F S Kaya, H Karaman, H Erdogan et al. Treatments given to patients in the four groups are shown in Table 1 . a P < 0.05, significantly different from the other groups. Prevention of hypotension in caesarian section baseline (P < 0.05) ( Fig. 1) . A significant decrease in diastolic blood pressure occurred at 4 min in group B compared with this group's baseline (P < 0.05) (Fig. 2) . Although hypotension developed in group G, these patients were haemodynamically more stable than those in groups B and F. Heart rate decreased after the baseline, significantly so at 4 and 5 min in Group B (P < 0.05). Among the adverse effects, nausea and vomiting were significantly more frequent in group B than in the other groups (P < 0.05). 
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However, pruritus was significantly more frequent in the groups given intrathecal fentanyl (groups F, G and E) compared with group B (P < 0.05) ( Table 5 ).
Discussion
In our study, hypotension developed in all subjects in which 10 mg bupivacaine alone (group B) was administered intrathecally and an average of nearly 20 mg ephedrine was given to the patients in this group to treat it. Although we could not prevent hypotension completely, we were able to reduce its incidence by about 80% in the subjects in group E, who received all three treatments: low-dose bupivacaine, colloid preloading and lower extremities wrapping. Most of the patients in this group did not require ephedrine treatment and a single dose when needed was sufficient. Whereas the incidence of hypotension was 70.0% in the group given low-dose bupivacaine plus Ringer's lactate preload (group F), the incidence of hypotension was reduced to 46.7% in the group given gelatin solution preload instead of Ringer's lactate (group G). The ephedrine requirement was reduced in group G compared with groups B and F by nearly four-and two-fold, respectively. Patients in the group receiving low-dose bupivacaine plus gelatin solution preload (group G) and the group receiving these treatments plus leg-wrapping (group E) required little vasopressor treatment, and their systolic and diastolic pressures remained more stable with respect to baseline blood pressures compared with patients in the other groups. The results of our study indicate, however, that the complete prevention of hypotension due to spinal anaesthesia in subjects receiving caesarean section is not possible, despite the precautions taken.
Hypotension is common during spinal anaesthesia; it develops quickly and leads to adverse effects in both mother and fetus. The basic reasons for its occurrence are rapid blockage of sympathetic nerves and aortocaval compression leading to decreased systemic vascular resistance, decreased venous return because of blood pooling in the periphery, and reduced cardiac output. 9 The decrease in sympathetic efferent activity after spinal anaesthesia is related to the dose of bupivacaine, and intrathecal fentanyl does not lead to further depression in sympathetic efferent activity. 10 Studies have demonstrated that decreasing the dose of intrathecally given local anaesthetic by adding opioids in subjects undergoing caesarean section is beneficial in reducing the incidence of hypotension due to spinal block. 1, 11 Nevertheless, the conclusion of these studies, as of ours, is that hypotension could not have been prevented in all subjects. Normally, the level of sympathetic block is two to six levels above the sensory block, 12 however, the level of sensory block needs to rise to T4 in caesarean sections for the patient to be comfortable during the operation. 13 Thus, even though the dose of local anaesthetic is decreased, the development of sympathetic block is inevitable as a result of the level of sensory block rising to T4. Hence, it is not possible to prevent the incidence of hypotension completely by just decreasing the dose of local anaesthetic.
Aortocaval compression as a consequence of uterine pressure is another important factor in the development of hypotension. 13 It has emerged from our clinical practice that hypotension does not develop in patients undergoing caesarean section under general anaesthesia and vasopressor treatment is not required if it develops during induction. Aortocaval compression creates a relative hypovolaemia as a result of sympathetic block caused by the spinal anaesthesia used S Kaya, H Karaman, H Erdogan et al.
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in caesarean sections and this increases the incidence of hypotension. Since the pooling of blood in the legs and abdomen is an important cause of hypotension, interventions have been used to decrease hypotension by compressing the legs. 14 By wrapping the lower extremities, blood accumulation caused by venous expansion is prevented and the blood joins the systemic circulation. Using this technique, the relative hypotension resulting from sympathetic block related to spinal anaesthesia and aortocaval compression by uterine pressure could be prevented. Wrapping of the legs at the time of spinal block for caesarean section is recommended to reduce hypotension. 14 Another method used to prevent relative hypovolaemia is fluid preload. The use of 1000 ml of crystalloid solution alone has been found to be no better than preloading with only 200 ml, 15 however hydrating before spinal anaesthesia is still recommended in routine practice. 16, 17 Evidence is accumulating that colloid preload reduces the incidence of hypotension after spinal anaesthesia for caesarean section. 17 Ngan Kee et al. 5 found that they could correct haemodynamic stability with gelatin solution and there was less vasopressor requirement. Some studies, however, have shown that using a gelatin solution as the colloid is not adequate. For example, Vercauteren et al. 16 found that development of hypotension was significantly less frequent in a group of subjects receiving of 1000 ml Ringer's lactate solution followed by 500 ml hydroxyethylstarch 6% (HES 6%) solution than in a group of subjects receiving 1000 ml HES 6% solution alone. In the same study, the frequency of hypotension in the group receiving Ringer's lactate with gelatin solution as colloid was not different from that in the group receiving HES 6% alone, and the combined treatment did not prevent hypotension. In contrast, however, our data indicate a decrease in the frequency of hypotension when gelatin solution was administered before the spinal block and this was decreased by about half as much again compared with the group receiving Ringer's lactate.
In contrast, however, our data indicate a decrease in the frequency of hypotension when gelatin solution was administered before the spinal block and this was decreased by about half as much again compared with the group receiving Ringer's lactate.
In our study the development of hypotension after spinal block in subjects undergoing caesarean section was not completely prevented despite all precautions. The incidence of hypotension was 70.0% in patients given 4 mg bupivacaine 0.5% plus 25 µg fentanyl. In the study by Ben-David et al., 1 the incidence of hypotension in the spinal anaesthesia group was only reduced to 31% by using 5 mg bupivacaine. In another study performed with low-dose bupivacaine (3.75 mg), 25 µg fentanyl and 100 µg morphine in spinal anaesthesia in patients undergoing caesarean section, the incidence of hypotension was 14%. 9 In both these studies, patients were positioned from supine to 15°left lateral tilt after the injection of drugs. Some studies have indicated that a table angle ≤ 12°left lateral position is not of benefit and even 15°left lateral tilt cannot prevent aortic compression. 18 -20 To position the table in left lateral tilt at greater angles makes the patient uncomfortable and an additional person is needed to support the patient. 19 Although positions allowing left deviation of the uterus can reduce the incidence of hypotension and pregnant women are recommended to avoid the supine position, 19 a left lateral tilt of 15°could not be maintained throughout our study because The table was initially positioned at 15°left lateral tilt for all patients, but by the beginning of the operation we repositioned the table to almost horizontal but at a slope of < 10°. The operation was able to start about 4 min after spinal block in all groups. There was a significant decrease in blood pressure at 3 and 4 min with respect to baseline in groups B and F. We think that uterine aortocaval compression might have influenced the development of hypotension at the beginning of the operation, 19 and might be a reason for our inability to achieve a reduction in the incidence of hypotension similar to the extent obtained in other studies. In fact, a recent study has reported that positioning the table with a 15°left lateral tilt did not prevent hypotension in patients given spinal anaesthesia for caesarean section; in contrast, manual displacement of the uterus effectively reduced both the incidence of hypotension and the ephedrine requirement compared with 15°left lateral tilt of the table. 21 In the present study, hypotension due to spinal anaesthesia in patients undergoing caesarean section was reduced, but could not be completely eliminated, by increasing central blood volume by the use of colloids, wrapping the legs and the use of low-dose (4 mg) bupivacaine. Applying these three methods together in our study reduced the hypotension related to spinal anaesthesia by nearly 80% and, as a consequence, there was a large decrease in the use of vasopressor. However, we conclude that decreasing the dose of local anaesthetic or preloading with colloid alone does not adequately reduce the frequency of hypotension, and that it would be more beneficial to use a combination of the three well-known methods -low-dose bupivacaine, preloading with colloid and wrapping the legs -as a means of reducing the incidence of hypotension due to spinal anaesthesia in patients undergoing caesarian section.
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